Washington strains. 5 Cross-protection studies have shown that these geographically separated strains appear to possess a common antigen. 5 Diagnosis of acute anaplasmosis can be done by the serologic detection of antibodies using the enzymelinked immunosorbent assay, complement fixation, indirect immunofluorescence, or card agglutination tests. 1, 7, 11, 13 Giemsa-stained blood smears are used to provide a definitive diagnosis of anaplasmosis, and DNA probe methodology is being studied for the diagnosis of A. marginale infection. 4 This paper includes the results of serologic monitoring for anaplasmosis in Oklahoma cattle from 1977 to 1991. A questionnaire about anaplasmosis was sent to recipients of the Oklahoma Animal Disease Diagnostic Laboratory (OADDL) Newsletter. Results from the questionnaire regarding methods for diagnosis, herd size, pasture type, ectoparasites, and use of tetracycline as prophylaxis are also presented.
Materials and methods
Samplepopulation. A total of 20,155 sera from Oklahoma cattle were tested from 1977 to 1991 for antibodies to A. marginale, according to procedures outlined in the US Department of Agriculture microtitration complement-fixation (CF) techniques manual. 13 The test population included beef and dairy cattle > 18 mo of age as submitted to the laboratory for anaplasmosis serology. The majority of submittals were from beef herds with adult animals experiencing anemia and other signs consistent with anaplasmosis. Also, most sera tested were from cattle located in anaplasmosis-endemic areas of the state during the summer months, when conditions are most favorable for the disease. However, clinical anaplasmosis has been reported and diagnosed during all 12 mo in Oklahoma cattle.
The sample population primarily represents herds with clinical signs of anaplasmosis and represents natural disease conditions with no further criteria established to bias herd selection. Some historical data were received regarding severity of ectoparasites, anaplasmosis vaccination, or other husbandry practices, but this information was too incomplete to establish parameters for determining incidence rates. Largenumber (> 10) export testing groups were excluded.
Serology procedures. Two-fold serial dilutions of the sera in veronal buffered diluent were tested on microtiter plates. Guinea pig complement, a hemolysin (rabbit anti-sheep serum), a sensitized sheep erythrocytes b and A. marginale antigen c were added according to protocol. The serum titer was the reciprocal of the highest dilution in which none of the sheep erythrocytes were hemolyzed. Sera with titers of 25 were considered positive. Samples with partial hemolysis (25-75% at the 1:5 dilution) or complete hemolysis were considered negative for this study.
Statistical methodology. Based on the overall percentage of positive samples, the minimum number of samples required to adequately assess each county's contribution was determined. Counties that had inadequate submissions for each year were dropped from further analysis. After arcsine transformation, the mean seropositivity percentage and standard deviation were calculated for the remaining counties; these adjusted means did not differ statistically from the overall mean first calculated for that year. The seropositivity percentage range that did not differ from each year's mean was calculated using Student's t-test, with a P value of 0.05. Counties that had statistically increased or decreased seropositivity were noted for each year. Counties above and below these mean ranges were labeled on each map.
Questionnaire. An anaplasmosis questionnaire was sent to 806 practitioners that were on the OADDL Newsletter mailing list. A completed returned questionnaire was not anticipated from exclusively small animal veterinarians. A total of 109 of the 131 returned questionnaires were from Oklahoma veterinarians that were eligible participants in the survey. The survey was collated from the observations, records, and perceptions of practitioners that participated in the questionnaire. Specific questions were addressed regarding husbandry, herd size, pasture type, ectoparasite populations, diagnostic methods, vaccination practices, and treatment procedures.
Results
The anaplasmosis CF reactor rates of Oklahoma cattle from 1977 through 1991 are shown in Fig. 1 . A range of 4.7-17.6% of the sera were positive for antibodies to A. marginale. The mean percentage of positive sera per year was 11.7%. A significantly lower (P < 0.001) percentage of positive sera (4.7%) was seen in 1984 than in the other years.
The months of highest reactor prevalence for 1990 as compared with 1991 were March, May, July, August, and December (Fig. 2) . The 1991 anaplasmosis season appeared to peak later in the year, during September, October, and November. Prevalence was low in June for both years.
County geographic distributions of anaplasmosis in Oklahoma were determined for all years. The OADDL received submissions from 76 of the 77 Oklahoma counties during the 15-year period. A comparison was done for 1984-1985 because there was a significant rise in anaplasmosis between the 2 years (P < 0.00000 1). A comparison for 1990 and 1991 was done because of the higher prevalence of anaplasmosis in 1991 and the interest in a new anaplasmosis vaccine. An observation of laboratory submittal histories has shown that vaccination practices and other preventative measures did not change dramatically until the 1991 season. Approximately one third as many reactors were seen in 1984 (50) as compared with 1985 (162), and 21 counties recorded positive results in 1984 as compared with 33 counties in 1985. There were 173 positive tests in both 1990 and 1991 from 42 and 48 counties, respectively. However, the percent positivity increased from 12.0% to 17.3% during this same period.
The statistical mapping of the anaplasmosis seropositivity was done for 1977 -1991 . Seropositivity maps for 1984 -1991 109 were returned with completed criteria. The responses received and subsequently tabulated were from the records and observations of practitioners, and some may not be factually accurate. Diagnosis was most commonly determined by clinical signs (81.5% of the responses) ( Fig. 7A ). Blood smears and blood chemistry evaluations were also used (54.6% and 38.0% of the responses, respectively).
The largest number (62 of 109) of survey respondents reported a herd size of 50-500 (Fig. 7B ), and the most common (5 5.1%) pasture type was natural prairie (Fig. 7C ). Ectoparasites reported most frequently (90.1% and 85.9% for 1990 and 1991, respectively) were hornflies (Fig. 7D ). The majority (68%) of veterinarians used tetracycline prophylaxis as a preventative measure ( Fig. 7E ). Practitioners also responded to questions regarding the use of anaplasmosis vaccines in 1990 and 1991. Some practitioners used more than 1 vaccine in 1991, whereas approximately half of the practitioners (48.1%) did not use anaplasmosis vaccine in 1990. After the introduction of a new vaccine in 1991, fewer of the responding practitioners (35.5%) did not use an anaplasmosis vaccine.
Discussion
Anaplasmosis can be an economically devastating disease of cattle in Oklahoma and other states. The total economic value of Oklahoma beef and dairy cattle rose from $2.68 billion in 1990 to $3.08 billion in 1991. 8, 16 The need to evaluate the anaplasmosis serologic data from 1977 to 1991 for Oklahoma cattle arose after a reported increase of anaplasmosis in 1991.
Anaplasmosis has been considered widespread in cattle of California, Washington, and Idaho. 6, 14 In Wyoming, approximately 10% of the total sera tested during 1956 and 1957 for antibodies to anaplasmosis by the CF test were classified as reactors. Approximately 2% of the sera were considered suspicious for antibodies. 12 In more recent testing (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) , 16.6% were classified as reactors. 12 Oklahoma has a mean prevalence for anaplasmosis of 11.7% over the 15-year period based on the serologic testing at the OADDL. A previous report indicated a disease rate of 18% for farms surveyed during -1983 Based on the serologic data from the OADDL, a decrease in the number of positive sera has occurred approximately every 5 years followed by a rise in positive sera, suggesting a possible cyclicity of the disease. Significant (P < 0.000001) decreases in seropositivity were noted in 1983 and 1984, with a dramatic rebound in incidence in 1985. The lowest rates of anaplasmosis in Oklahoma have previously occurred from December through April, based on a previous report of disease from 1980-1983. 17 The in- Figure 5 . 1990 Oklahoma anaplasmosis seropositivity. Seropositivity percentages that did not statistically differ from each year's mean were calculated using Student's t-test, P < 0.05. Counties that had statistically increased or decreased seropositivity were noted for each year. crease in anaplasmosis seen from 1984 to 1985 may be related to periods of low precipitation (1984) followed by a very significant rise in annual rainfall ( 1985) . d These climatologic changes could influence insect populations. Biological vectors may more easily overwinter, and subsequent rises in numbers of insect vectors may increase the transmission of anaplasmosis.
ANAPLASMOSIS SEROPOSITMTY
Oklahoma can be divided into quadrants, with interstate highways I-35 and I-40 intersecting in the middle of the state. It has been thought that anaplasmosis occurred insignificantly in the northwest and southwest quadrants. Most anaplasmosis has previously been localized in the southeast quadrant. 17 Seropositivity maps for each of the 15 years showed an increase in anaplasmosis occurring in 1978-1979 with movement to the western regions of the state. In more recent years, Seroprevalence data indicate that the disease is statewide.
The effects of vaccination on reactor rates for A. marginale CF antibodies has not been adequately studied. However, in 1 study detectable antibody levels were measured for only 3 weeks after immunization and did not interfere with positive seroconversion resulting from challenge exposures. a,3 Veterinarians generally rerun serologic tests 6 months after treatment or vaccination. Other studies have shown that CF titers may persist for at least 15 months, but a distinction between prior subclinical exposure or vaccine response could not be made. 7 In another trial, CF titers were detected up to 17 weeks following an anaplasmosis booster vaccination; however, only 3 cows were tested.' Anaplasmosis vaccination generally does not produce reactor titers (4+ CF at 1:5) but may cause suspicious titers (incomplete CF at 1:5) if tested within 3 months of immunization (personal observations).
The first vaccine for anaplasmosis was marketed in 1965 with modification in 1975 to prevent development of neonatal isoerythrolysis. e A second anaplasmosis vaccine was released for veterinary use in September 1990 but was withdrawn from sales in 1992. f This vaccine was produced from the Florida isolate using purified and inactivated A. marginale initial bodies.
The data from the practitioner questionnaire indicated that in 1990 and 1991 both of the vaccines available seemed to be ineffective at protecting or inhibiting the disease on a herdwide basis. Reports have indicated the lack of protection with the Pawhuska strain vaccine when challenged with the Florida isolates, resulting in 47% mortality. 5 Antigenic variations have been determined when CF antigens were prepared from specific strains and then tested with sera from cattle with other specific strains. Sera from cattle infected with specific strains had higher antibody titers when run against homologous CF antigens than against heterologous strain antigens. 5 Clinical signs were the most commonly used criteria for diagnosis of anaplasmosis, as reported in the questionnaire. Although the clinical signs and histories are very important in a diagnosis, actual confirmation of the disease is done by serology or by Giemsa-stained blood smears. 4 The survey demonstrated the need for a reliable antigen detection test for anaplasmosis for diagnosis of both clinically ill and carrier status animals.
